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1. 

LIQUID CRYSTAL DISPLAY DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the benefit of 
priority from prior Japanese Patent Application No. 2004 
158159, filed May 27, 2004, the entire contents of which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a liquid crystal display 

device, and more particular to a circular-polarization-based 
Vertical-alignment-mode liquid crystal display device. 

2. Description of the Related Art 
A liquid crystal display device has various features such as 

thickness in size, light weight, and low power consumption. 
The liquid crystal display device is applied to various uses, 
e.g. OA equipment, information terminals, timepieces, and 
TVs. In particular, a liquid crystal display device comprising 
thin-film transistors (TFTs) has high responsivity and, there 
fore, it is used as a monitor of a mobile TV, a computer, etc., 
which displays a great deal of information. 

In recent years, with an increase in quantity of information, 
there has been a strong demand for higher image definition 
and higher display speed. Of these, the higher image defini 
tion is realized, for example, by making finer the array struc 
ture of the TFTs. 

On the other hand, in order to increase the display speed, 
consideration has been given to, in place of conventional 
display modes, an OCB (Optically Compensated Birefrin 
gence) mode, a VAN (Vertically Aligned Nematic) mode, a 
HAN (Hybrid Aligned Nematic) mode and a t alignment 
mode, which use nematic liquid crystals, and an SSFLC (Sur 
face-Stabilized Ferroelectric Liquid Crystal) mode and an 
AFLC (Anti-Ferroelectric Liquid Crystal) mode, which use 
Smectic liquid crystals. 
Of these display modes, the VAN mode, in particular, has a 

higher response speed than in the conventional TN (Twisted 
Nematic) mode. An additional feature of the VAN mode is 
that a rubbing process, which may lead to a defect such as an 
electrostatic breakage, can be made needless by Vertical 
alignment. Particular attention is drawn to a multi-domain 
VAN mode (hereinafter referred to as “MVA mode’) in which 
a viewing angle can be increased relatively easily. 

In the MVA mode, for example, mask rubbing and pixel 
electrode structures are devised, or a protrusion is provided 
within a pixel. Thereby, the inclination of an electric field, 
which is applied to the pixel region from the pixel electrode 
and counter-electrode, is controlled. The pixel region of the 
liquid crystal layer is divided into, e.g. four domains such that 
the orientation directions of liquid crystal molecules are 
inclined at 90° to each other in a voltage-on state. This real 
izes improvement in symmetry of viewing angle characteris 
tics and Suppression of an inversion phenomenon. 

In addition, a negative phase plate is used to compensate 
the viewing angle dependency of the phase difference of the 
liquid crystal layer in the state in which the liquid crystal 
molecules are oriented substantially vertical to the major 
surface of the substrate, that is, in the state of black display. 
Thereby, the contrast (CR) that depends on the viewing angle 
is improved. Besides, more excellent viewing angle? contrast 
characteristics can be realized in the case where the negative 
phase plate is a biaxial phase plate having Such an in-plane 
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2 
phase difference as to compensate the viewing angle depen 
dency of the polarizer plate, too. 

In the conventional MVA mode, however, since each pixel 
has a multi-domain structure, a region, where liquid crystals 
are oriented in a direction other than a desirable direction, is 
formed. For example, liquid crystals are Schlieren-oriented or 
orientated in an unintentional direction, at a boundary of the 
divided domains, at a protrusion in the multi-domain pixel, or 
near a pixel electrode slit. 
The transmittance Tlp(LC) of a liquid crystal layer, under 

crossed Nicols, of a liquid crystal display device, which uses 
a linear polarizer plate and executes a linear-polarization 
based birefringence control, is expressed by 

(1) T1p(LC) = losin’ (20). sin(ant, da) 

In equation (1), Io is the transmittance of linearly polarized 
light that is parallel to the transmission axis of the polarizer 
plate, 0 is the angle between the slow axis of the liquid crystal 
layer and the optical axis of the polarizer plate, V is a Voltage 
applied, d is the thickness of the liquid crystal layer, and w is 
the wavelength of incident light to the liquid crystal display 
device. 

In equation (1), the refractive index anisotropy An(w, V) 
depends on an effective application Voltage in the region and 
the inclination angle of each nematic liquid crystal molecule. 
In order to vary T(LC) to 0 to Io, it is necessary to vary An(w. 
V)d/win a range of 0 to w/2 and to set the value of 0 at L/4(rad). 
Consequently, in the region where the liquid crystal mol 
ecules are oriented in a direction other than L/4, the transmit 
tance decreases. As mentioned above, in the MVA mode, the 
multi-domain structure is adopted and thus such a region is 
necessarily formed. Hence, in the MVA mode, a problem, 
Such as low transmittance, occurs, compared to the TN mode. 

In order to overcome this problem, a circular-polarization 
based MVA mode has currently been studied. The above 
problem is solved by replacing the linear polarizer plate with 
a circular polarizer plate, which has a phase plate, that is, a 
uniaxial 4 wavelength plate that provides a phase difference 
of a /4 wavelength between light rays of predetermined wave 
lengths that travel along the fast axis and slow axis. The 
transmittance Tcp(LC) of a liquid crystal layer, under crossed 
Nicols, of a liquid crystal display device, which uses a circu 
lar polarizer plate and executes a circular-polarization-based 
birefringence control, is expressed by 

(2) An(A, W). (d TcpcLC) = Io. sin (al, da) 

As is understood from equation (2), the transmittance Tcp 
(LC) does not depend on the orientation direction of liquid 
crystal molecules. Thus, a desired transmittance can be 
obtained only if the inclination of liquid crystal molecules can 
be controlled, despite the formation of a region where liquid 
crystals are oriented in a direction other than a desirable 
direction, for example, a region where liquid crystals are 
Schlieren-oriented or orientated in an unintentional direction 
at a boundary of the divided domains and near the multi 
domain structure. 

In the prior-art circular-polarization-based MVA mode, 
however, there is such a problem that the viewing angle char 
acteristic range is narrow. 
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FIG.7 shows an example of the cross-sectional structure of 
a prior-art liquid crystal display device of a circular-polariza 
tion-based MVA mode. As is shown in FIG. 7, a first substrate 
13 has a common electrode 9 of ITO (indium tin oxide) on an 
inner surface thereof. The common electrode 9 is provided 
with a protrusion 12 for forming a multi-domain structure 
within a pixel. A second substrate 14, which is opposed to the 
first substrate 13, has a pixel electrode 10 of ITO on an inner 
surface thereof. The second substrate 14 has slits 11 (where 
no pixel electrode is provided) for forming the multi-domain 
structure within the pixel. A nematic liquid crystal 7 with 
negative dielectric anisotropy is sandwiched between the 
common electrode 9 and pixel electrode 10. An orientation 
process is executed Such that liquid crystal molecules 8 are 
aligned substantially vertical to the major surface of the sub 
strate in a Voltage-off state. 
The liquid crystal cell with the above structure includes 

phase plates 3 and 4 and polarizer plates 5 and 6, which are 
provided on both outer surfaces of the liquid crystal cell. The 
phase plate 3, 4 is a uniaxial 4 wavelength plate having 
refractive index anisotropy (nx>ny-nz). The slow axis of the 
phase plate 3, 4 has an angle of JL/4 (rad), relative to the 
transmission axis of the polarizer plate 5, 6. 

In the above structure, the paired phase plates 3 and 4 are 
configured to have slow axes that are intersect at right angles 
with each other, and thus function as negative phase plates. 
For example, a negative phase difference of about -280 mm is 
imparted to light with a wavelength of 550 nm. On the other 
hand, in order to obtain a phase difference of/2 wavelength 
by an electric field control, the liquid crystal layer 7 needs to 
have the value of And of 300 nm or more, which is obtained 
by multiplying the refractive index anisotropy An of the mate 
rial by the thickness d of the liquid crystal layer. Conse 
quently, the total phase difference of the liquid crystal display 
device does not become Zero, and the viewing angle charac 
teristics at the black display time deteriorate. In addition, 
since the uniaxial/4 wavelength plate is used, a viewing angle 
dependency occurs in polarization characteristics of circu 
larly polarized light that enters the liquid crystal layer, owing 
to the viewing angle characteristics of the polarizer plate. 
As described above, in the prior-art circular-polarization 

based MVA mode, substantially circularly polarized light is 
produced as the incident light that enters the liquid crystal 
layer. Thereby, the above-mentioned problem of low trans 
mittance is overcome. However, there is such a problem that 
the contrast/viewing angle characteristic range is narrow 
because of lack of means for compensating the viewing angle 
dependency of circularly polarized light, which enters the 
liquid crystal layer, or the viewing angle dependency of the 
phase difference of the liquid crystal layer. 

FIG. 8 shows an example of the measurement result of 
isocontrast curves of the liquid crystal display device having 
the structure shown in FIG. 7. The 0 deg. azimuth and 180 
deg. azimuth correspond to the horizontal direction of the 
screen, and the 90 deg. azimuth and 270 deg. azimuth corre 
spond to the vertical direction of the screen. As is shown in 
FIG. 8, the viewing angle with a contrastratio of 10:1 is +40° 
in the vertical direction and horizontal direction, and is nar 
row. Practically tolerable characteristics are not obtained. 
An approach to address this problem has been proposed, 

wherein the uniaxial /4 wavelength plate is replaced with a 
biaxial /4 wavelength plate having refractive index anisot 
ropy (nx>ny>nZ) as shown in FIG. 10, thereby compensating 
the viewing angle dependency of circularly polarized light 
that enters the liquid crystal layer, and improving the viewing 
angle characteristics. 
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4 
FIG.9 shows an example of the cross-sectional structure of 

the circular-polarization-based MVA modeliquid crystal dis 
play device that uses biaxial /4 wavelength plate 15 as shown 
in FIG. 10. In this structure, the 4 wavelength plate has a 
refractive index ellipsoid of nx>ny>nz, as shown in FIG. 10. 
Thus, the in-plane phase difference is 4 wavelength. If the 
upper and lower 4 wavelength plates are disposed such that 
their in-plane slow axes intersect at right angles with each 
other, they function as negative phase plates. If their phase 
difference value is controlled, the phase difference in the 
normal direction of the liquid crystal layer can be compen 
sated, and the viewing angle characteristics are improved. 

FIG. 11 shows an actual measurement result of isocontrast 
curves of the circular-polarization-based MVA mode liquid 
crystal display device shown in FIG.9. Compared to the result 
shown in FIG. 8, it is understood that the viewing angle is 
slightly increased and the characteristics are improved. How 
ever, the viewing angle with a contrast ratio of 10:1 or more is 
about 80° and is wide in the oblique directions, but the 
viewing angle with a contrast ratio of 10:1 or more is about 
+40° in the vertical and horizontal directions, which fails to 
satisfy practically tolerable viewing angle characteristics. 
The reason is as follows. The phase difference in the normal 
direction of the liquid crystal layer is improved to some 
degree by the above-described biaxial /4 wavelength plates. 
An actually usable film, however, is a high-polymer film, and 
it is difficult to match it with wavelength dispersion of the 
phase difference of the liquid crystal layer. Furthermore, the 
film, as a circular polarizer plate, does not have such a struc 
ture as to have Sufficient viewing angle characteristics, and 
this leads to the above-mentioned viewing angle characteris 
tics of the contrast ratio. 
To solve the problem, a circular-polarization-based MVA 

mode liquid crystal display device has been proposed, which 
uses a biaxial /4 wavelength plate having a refractive index 
anisotropy as shown in FIG. 13, in place of the biaxial 4 
wavelength plate shown in FIG. 10. 

FIG. 12 shows an example of the cross-sectional structure 
of a circular-polarization-based MVA mode liquid crystal 
display device that uses the biaxial /4 wavelength plate 16 
shown in FIG. 13. In this structure, the /4 wavelength plate 
has a refractive index ellipticity of nx>ny<nZ, as shown in 
FIG. 13. Like the structures shown in FIG. 7 and FIG.9, the 
/4 wavelength plates 16 and polarizer plates 5 and 6 are 
disposed on the outer surfaces of the MVA mode liquid crys 
tal cell. 

In the structure shown in FIG. 12, the /4 wavelength plate 
that is used has a refractive index of ny-nZ. Thus, even in the 
case where nX>nz and the 4 wavelength plates are disposed 
above and below the liquid crystal cell so as to have slow axes 
perpendicular to each other, the effect of the negative phase 
difference is weakened, compared to the structure shown in 
FIG. 7 in which the upper and lower uniaxial /4 wavelength 
plates are disposed to be perpendicular to each other. In the 
case where nx<nZ, a positive phase difference occurs. Con 
sequently, the contrast/viewing angle characteristic range 
becomes narrower than in the structure shown in FIG. 7, 
unless the refractive index anisotropy An of the liquid crystal 
layer is set to be very Small, that is, unless the variation in 
phase difference of the liquid crystal layer is set below /2 
wavelength and the transmittance of the liquid crystal cell 
becomes insufficient. 

FIG. 14 shows an actual measurement result of isocontrast 
curves of the circular-polarization-based MVA mode liquid 
crystal display device shown in FIG. 12. As shown in FIG. 14, 
there occurs a region where the contrast ratio is 1:1 or less, 
and it is understood that the viewing angle characteristic 
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range is narrower than in FIG. 8 or FIG. 11. This is partly 
because the structure of the polarizer plate, like the structure 
shown in FIG.9, is not configured to obtain sufficient viewing 
angle characteristics as a circular polarizer plate. 

Each of the structures shown in FIG.9 and FIG. 12 uses the 
biaxial 4 wavelength plate. The biaxial phase plate is formed 
by biaxial-drawing a high-polymer film, which leads to an 
increase in manufacturing cost. In addition, the refractive 
index is controllable only in a limited range, and it is difficult 
to realize a desired refractive index ellipsoid. Moreover, the 
range of selection of material for obtaining biaxiality is nar 
row, and it is difficult to match the material with the wave 
length dispersion characteristic of the refractive index of the 
liquid crystal (see, for instance, T. Ishinabe et al., A Wide 
Viewing Angle Polarizer and a Quarter-wave Plate with a 
Wide Wavelength Range for Extremely High Quality LCDs, 
IDW 01 Proceedings, p. 485 (2001), and Y. Iwamoto et al., 
Improvement of Display Performance of High Transmittance 
Photo-Aligned Multi-domain Vertical Alignment LCDs 
Using Circular Polarizers, IDW 02 Proceedings, p. 85 
(2002)). 

BRIEF SUMMARY OF THE INVENTION 

The present invention has been made in consideration of 
the above-described problems, and the object of the invention 
is to provide a liquid crystal display device that can improve 
viewing angle characteristics and can reduce cost. 

According to an aspect of the invention, there is provided a 
liquid crystal display device comprising: 

a first polarizer plate that is disposed on one side of a liquid 
crystal cell in which a liquid crystal layer is sandwiched 
between two electrode-equipped substrates; 

a second polarizer plate that is disposed on the other side of 
the liquid crystal cell; 

a first phase plate that is disposed between the first polar 
izer plate and the liquid crystal cell; 

a second phase plate that is disposed between the second 
polarizer plate and the liquid crystal cell; 

a third phase plate that is disposed between the first polar 
izer plate and the first phase plate; and 

a fourth phase plate that is disposed between the second 
polarizer plate and the second phase plate, 

wherein the first phase plate and the third phase plate 
cooperate to impart a phase difference of a /4 wavelength to 
linearly polarized light that emerges from the first polarizer 
plate, and the second phase plate and the fourth phase plate 
cooperate to impart a phase difference of a /4 wavelength to 
linearly polarized light that emerges from the second polar 
izer plate, 

slow axes in planes of the first phase plate and the second 
phase plate are Substantially parallel, and 

a slow axis of the first phase plate and the second phase 
plate, a slow axis of the third phase plate and a slow axis of the 
fourth phase plate are disposed in Such directions as to cancel 
in-plane anisotropies. 
The present invention may provide a liquid crystal display 

device that can improve viewing angle characteristics and can 
reduce cost. 

Additional objects and advantages of the invention will be 
set forth in the description which follows, and in part will be 
obvious from the description, or may be learned by practice of 
the invention. The objects and advantages of the invention 
may be realized and obtained by means of the instrumentali 
ties and combinations particularly pointed out hereinafter. 
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6 
BRIEF DESCRIPTION OF THE SEVERAL 

VIEWS OF THE DRAWING 

The accompanying drawings, which are incorporated in 
and constitute a part of the specification, illustrate embodi 
ments of the invention, and together with the general descrip 
tion given above and the detailed description of the embodi 
ments given below, serve to explain the principles of the 
invention. 

FIG. 1 schematically shows an example of the cross-sec 
tional structure of a liquid crystal display device according to 
an embodiment of the present invention; 

FIG. 2 is a view for explaining a refractive index ellipsoid 
of a phase plate (C-plate) that is applicable to the liquid 
crystal display device shown in FIG. 1; 

FIG. 3 is a view for explaining the relationship between 
angles of axes of a polarizer plate and phase plates that form 
a polarizer structure, which is applicable to the liquid crystal 
display device shown in FIG. 1; 

FIG. 4 is a view for explaining the relationship between 
angles of axes of a polarizer plate and phase plates that form 
an analyzer structure, which is applicable to the liquid crystal 
display device shown in FIG. 1; 

FIG. 5 shows an example of isocontrast curves of a liquid 
crystal display device according to Embodiment 1; 

FIG. 6A shows a relationship between an area with a con 
trast ratio of 10:1 or more and a crossed-axes angle of slow 
axes of the phase plates that form the polarizer structure and 
analyzer structure of the liquid crystal display device shown 
in FIG. 1; 

FIG. 6B shows a relationship between an area with a con 
trast ratio of 10:1 or more and a crossed-axes angle of slow 
axes of the phase plates that form the polarizer structure and 
analyzer structure of the liquid crystal display device shown 
in FIG. 1; 

FIG. 6C shows a relationship between an area with a con 
trast ratio of 10:1 or more and a crossed-axes angle of slow 
axes of the phase plates that form the polarizer structure and 
analyzer structure of the liquid crystal display device shown 
in FIG. 1; 

FIG. 6D is a view for explaining the relationship between 
crossed-axes angles of slow axes of the phase phases under 
the condition that a maximum contrast area value is obtained; 

FIG. 7 is a view for explaining an example of the cross 
sectional structure of a prior-art liquid crystal display device; 
FIG.8 shows an example of isocontrast curves of the liquid 

crystal display device shown in FIG. 7: 
FIG. 9 is a view for explaining an example of the cross 

sectional structure of a prior-art liquid crystal display device; 
FIG. 10 is a view for explaining the shape of a refractive 

index ellipsoid of a biaxial 4 wavelength plate that is used in 
the liquid crystal display device shown in FIG. 9; 

FIG. 11 shows an example of isocontrast curves of the 
liquid crystal display device shown in FIG. 9; 

FIG. 12 is a view for explaining an example of the cross 
sectional structure of a prior-art liquid crystal display device; 

FIG. 13 is a view for explaining the shape of a refractive 
index ellipsoid of a biaxial 4 wavelength plate that is used in 
the liquid crystal display device shown in FIG. 12; and 

FIG. 14 shows an example of isocontrast curves of the 
liquid crystal display device shown in FIG. 12. 

DETAILED DESCRIPTION OF THE INVENTION 

A liquid crystal display device according to an embodi 
ment of the present invention will now be described with 
reference to the accompanying drawings. 
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FIG. 1 schematically shows the structure of a liquid crystal 
display device according an embodiment of the invention. 
The liquid crystal display device to be described here is, in 
particular, of a circular-polarization-based vertical alignment 
mode wherein liquid crystal molecules in each pixel are 
aligned Substantially vertical to the major Surface of a Sub 
strate in a Voltage-off state in which no voltage is applied to a 
liquid crystal layer. The invention, however, is applicable to a 
vertical-electric-field type electrically controlled birefrin 
gence (ECB) mode liquid crystal display device that is pro 
vided with means for applying a Voltage between two elec 
trode-equipped substrates. 

The liquid crystal display device shown in FIG. 1 com 
prises a polarizer structure P, a variable retarder structure VR 
and an analyzer structure A. The variable retarder structure 
VR is disposed between the polarizer structure Pandanalyzer 
Structure A. 
The variable retarder structure VR includes a dot-matrix 

liquid crystal cell C in which a liquid crystal layer is held 
between two electrode-equipped substrates. This liquid crys 
tal cell C is an MVA mode liquid crystal cell, and a liquid 
crystal layer 7 is sandwiched between an active matrix sub 
strate 14 and an counter substrate 13. The distance between 
the active matrix substrate 14 and counter substrate 13 is kept 
constant by a spacer (not shown). 
The active matrix substrate 14 is configured to include an 

insulating Substrate with light transmissivity, Such as a glass 
substrate. One major surface of the active matrix substrate 14 
is provided with, e.g. various lines such as scan lines and 
signal lines, and Switching elements provided near intersec 
tions of the scan lines and signal lines. Pixel electrodes 10, 
which are connected to the switching elements of the indi 
vidual pixels, are provided on the active matrix substrate 14. 
The surfaces of the pixel electrodes 10 are covered with an 
orientation film that controls the orientation of liquid crystal 
molecules included in the liquid crystal layer 7. 
The various lines, such as scan lines and signal lines, are 

formed of aluminum, molybdenum, copper, etc. The Switch 
ing element is a thin-film transistor (TFT) including a semi 
conductor layer of, e.g. amorphous silicon or polysilicon, and 
a metal layer of, e.g. aluminum, molybdenum, chromium, 
copper ortantalum. The Switching element is connected to the 
scan line, signal line and pixel electrode 10. On the active 
matrix Substrate 14 with this structure, a Voltage can selec 
tively be applied to a desired one of the pixel electrodes 10. 

The pixel electrode 10 may be formed of an electrically 
conductive material with light transmissivity, such as ITO 
(Indium Tin Oxide). The orientation film is formed of a thin 
film of a resin material with light transmissivity, Such as 
polyimide. In this embodiment, the orientation film is not 
Subjected to a rubbing process, and liquid crystal molecules 8 
are vertically oriented. 
The counter substrate 13 is configured to include an insu 

lating Substrate with light transmissivity, Such as a glass Sub 
strate. A common electrode 9 is provided on one major Sur 
face of the counter substrate 13. The surface of the common 
electrode 9 is covered with an orientation film that controls 
the orientation of liquid crystal molecules included in the 
liquid crystal layer 7. The common electrode 9, like the pixel 
electrode 10, may be formed of an electrically conductive 
material with light transmissivity, such as ITO. The orienta 
tion film, like the orientation film on the active matrix sub 
strate 14, may be formed of a resin material with light trans 
missivity, such as polyimide. In this embodiment, the 
common electrode 9 is formed as a planarcontinuous film that 
faces all the pixel electrodes with no discontinuity. 
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8 
When the present display device is constructed as a color 

liquid crystal device, the liquid crystal cell C includes color 
filter layers. The color filter layers are color layers of, e.g. the 
three primary colors of blue, green and red. The color filter 
may be provided between the insulating substrate of the 
active matrix substrate 14 and the pixel electrode 10 with a 
COA (Color Filter on Array) structure, or may be provided on 
the counter substrate 13. 

If the COA structure is adopted, the color filter layer is 
provided with a contact hole, and the pixel electrode 10 is 
connected to the switching element via the contact hole. The 
COA structure is advantageous in that high-precision align 
ment using, e.g. alignment marks is needless when the liquid 
crystal cell C is to be formed by attaching the active matrix 
substrate 14 and counter substrate 13. 
The liquid crystal layer 7 is formed of a nematic liquid 

crystal material with negative dielectric anisotropy. In this 
embodiment, MJO2151 (manufactured by Merck) is used as a 
liquid crystal composition. The refractive index anisotropy 
An of the liquid crystal material is 0.093 (the wavelength for 
measurement is 550 nmi; hereinafter, all values of the refrac 
tive index and phase difference of the phase plate are mea 
sured at the wavelength of 550 nm). The thickness d of the 
liquid crystal layer 7 is 3.3 um. Accordingly, the value And is 
308 nm. 
The liquid crystal display device according to this embodi 

ment adopts a multi-domain vertical alignment mode in 
which liquid crystal molecules within the pixel of the liquid 
crystal cell C are controlled to be oriented at least in two 
directions, regardless of a state in which a predetermined 
Voltage is applied or irrespective of an applied Voltage. In 
particular, in at least half the opening region of each pixel, the 
orientation direction of liquid crystal molecules should pref 
erably be controlled to become substantially parallel to the 
absorption axis (or transmission axis) of the second polarizer 
plate PL2. 

This orientation control can be realized by providing a 
protrusion 12 for multi-domain control in the pixel, as shown 
in FIG. 1. The orientation control can also be realized by 
forming a slit 11 for multi-domain control at a part of the pixel 
electrode 10. Further, the orientation control can be realized 
by providing orientation films, which are Subjected to an 
orientation process of, e.g. rubbing, formulti-domain control, 
on those surfaces of the active matrix substrate 14 and counter 
substrate 13, which sandwich the liquid crystal layer 7. Need 
less to say, at least two of the protrusion 12, slit 11 and 
orientation film that is Subjected to the orientation process 
may be combined. 

Each of the polarizer structure P and analyzer structure A is 
configured to include at least one phase plate so that black 
display may be effected in the state in which an in-plane phase 
difference of the variable retarder structure VR is substan 
tially zero. The in-plane phase difference is a phase difference 
occurring due to a difference between refractive indices (e.g. 
nX and ny) in two mutually perpendicular directions in a plane 
parallel to the major surface of the substrate. 
The polarizer structure P is disposed on a light source side 

of the liquid crystal cell C, that is, on a backlight unit BL side. 
The polarizer structure P includes two phase plates in addition 
to the first polarizer plate PL1. Specifically, the polarizer 
structure P includes a first phase plate R1 that is disposed 
between the first polarizer plate PL1 and liquid crystal cell C, 
and a third phase plate R3 that is disposed between the first 
polarizer plate PL1 and the first phase plate R1. 
The analyzer structure A is disposed on the observation 

surface side of the liquid crystal cell C. The analyzer structure 
A includes two phase plates in addition to the second polar 
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izer plate PL2. Specifically, the polarizer structure P includes 
a second phase plate R2 that is disposed between the second 
polarizer plate PL2 and liquid crystal cell C, and a fourth 
phase plate R4 that is disposed between the second polarizer 
plate PL2 and the second phase plate R2. 

Each of the first polarizer plate PL1 and second polarizer 
plate PL2 has a transmission axis and an absorption axis, 
which are substantially perpendicular to each other in the 
plane thereof. Each of the first phase plate R1 and second 
phase plate R2 has a fast axis and a slow axis, which are 
substantially perpendicular to each other in the plane thereof. 
Each of the first phase plate R1 and second phase plate R2 
functions as a /4 wavelength plate that provides a phase 
difference (in-plane phase difference) of 4 wavelength 
between light rays with a predetermined wavelength (e.g. 550 
nm), which pass through the fast axis and slow axis. Each of 
the third phase plate R3 and fourth phase plate R4 has a fast 
axis and a slow axis, which are substantially perpendicular to 
each other in the plane thereof. Each of the third phase plate 
R3 and fourth phase plate R4 functions as a /2 wavelength 
plate that provides a phase difference (in-plane phase differ 
ence) of /2 wavelength between light rays with a predeter 
mined wavelength (e.g. 550 nm), which pass through the fast 
axis and slow axis. 
The first phase plate R1 and third phase plate R3 cooperate 

to cause linearly polarized light, which has passed through the 
transmission axis of the first polarizer plate PL1, to go out as 
Substantially circularly polarized light. 

With respect to light with a predetermined wavelength (e.g. 
550 nm), the third phase plate R3 shifts the phase of linearly 
polarized light that has passed through the transmission axis 
of the first polarizer plate PL1 (more exactly, the phase of the 
light ray components of linearly polarized light, which pass 
through the fast axis and slow axis of the third phase plate R3) 
by /2. In addition, with respect to light with the predetermined 
wavelength (e.g. 550 nm), the first phase plate R1 shifts the 
phase of the polarized light that has passed through the third 
phase plate R3 (more exactly, the phase of the light ray com 
ponents of linearly polarized light, which pass through the 
fast axis and slow axis of the first phase plate R1) by /4 (in the 
case where the third phase plate R3 shifts the phase of linearly 
polarized light so as to advance the phase by /2, the first phase 
plate R1 functions to restore the phase of the polarized light, 
which emerges from the third phase plate R3, by /4). 

With respect to light with a wavelength greater than the 
above-mentioned predetermined wavelength, the third phase 
plate R3 shifts the phase of linearly polarized light that has 
passed through the transmission axis of the first polarizer 
plate PL1 by a degree greater than /2. In this case, the first 
phase plate R1 shifts the phase of polarized light, which has 
passed through the third phase plate R3, by a degree greater 
than 4. For example, in the case where the third phase plate 
R3 shifts the phase of linearly polarized light so as to advance 
the phase by 2/3, the first phase plate R1 functions to restore 
the phase of the polarized light, which emerges from the third 
phase plate R3, by 5/12. As a result, the phase of the linearly 
polarized light is displaced by 2/3-5/12=/4, and the same polar 
ization state (circular polarization) as with the predeter 
mined wavelength is obtained. 
On the other hand, with respect to light with a wavelength 

less than the above-mentioned predetermined wavelength, 
the third phase plate R3 shifts the phase of linearly polarized 
light that has passed through the transmission axis of the first 
polarizer plate PL1 by a degree less than /2. In this case, the 
first phase plate R1 shifts the phase of polarized light, which 
has passed through the third phase plate R3, by a degree less 
than 4. In cooperation, the phase of the linearly polarized 
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10 
light is shifted by /4, and the same polarization state (circu 
lar polarization) as with the predetermined wavelength is 
obtained. 

Similarly, the second phase plate R2 and fourth phase plate 
R4 are configured to cooperate to shift the phase of linearly 
polarized light, which emanates from the variable retarder 
structure VR, by 4. 
The variable retarder structure VR has compensation 

means for compensating the viewing-angle characteristics of 
the normal-directional phase difference of the liquid crystal 
cell C. Specifically, the liquid crystal cell C has a positive 
phase difference R. (And=308 nm) in its normal direction. 
On the other hand, the polarizer structure P and analyzer 
structure Ahave negative phase differences RandR in their 
normal directions. The normal-directional phase difference 
R, of the polarizer structure P corresponds to the sum of 
normal-directional phase differences of a base film of e.g. 
triacetate cellulose (TAC), which constitutes the first polar 
izer plate PL1, the first phase plate R1 and the third phase 
plate R3. The normal-directional phase difference R of the 
analyzer structure A corresponds to the Sum of normal-direc 
tional phase differences of a base film of, e.g. TAC, which 
constitutes the second polarizer plate PL2, the second phase 
plate R2 and the fourth phase plate R4. 

If the sum of the normal-directional phase difference R, 
of liquid crystal cell C, the normal-directional phase differ 
ence R of polarizer structure P and the normal-directional 
phase difference R of analyzer structure A is Zero, a good 
display quality is obtained regardless of the viewing angle at 
which the liquid crystal display device is viewed. However, if 
R+R+Rz0, compensation means for compensating the 
phase differences is needed. In the case where RdR+R, 
it should suffice if a phase plate having a negative phase 
difference in the normal direction is disposed. The normal 
directional phase difference of this compensation means 
should be (R+R-R). 
To be more specific, the variable retarder structure VR 

includes an optically negative uniaxial phase plate (C-plate) 
with a refractive index anisotropy of nx=ny>nz, which is 
disposed at least between the liquid crystal cell Cand polar 
izer structure P or between the liquid crystal cell Cand ana 
lyzer structure A. In the embodiment shown in FIG. 1, the 
variable retarderstructure VR includes a first C-plate CP1 that 
is disposed between the liquid crystal cell C and first phase 
plate R1, and a second C-plate CP2 that is disposed between 
the liquid crystal cell C and second phase plate R2. 

AC-plate with a refractive index ellipsoid (nx=ny>nz), as 
shown in FIG. 2, is applicable to the first C-plate CP1 and 
second C-plate CP2. In FIG. 2, nx and ny indicate refractive 
indices in two direction that intersect at rightangles in a plane 
of the C-plate, and nz, indicates a refractive index in a direc 
tion normal to the major surface of the C-plate. The viewing 
angle characteristics of the liquid crystal cell C can be 
improved by setting the sum of the normal-directional phase 
differences of the first C-plate CP1 and second C-plate CP2 to 
be substantially equal to (R,+R-R). As mentioned 
above, if R+R+Rz0, there is no need to dispose the first 
C-plate CP1 or second C-plate CP2, and they may be omitted. 

In the meantime, each of the polarizer structure P and 
analyzer structure A is configured so that black display may 
be effected in the state in which an in-plane phase difference 
of the variable retarder structure VR is substantially zero. In 
other words, the polarizer structure Pandanalyzer structure A 
are configured to have different polarities (i.e. opposite 
polarities). To be more specific, one of the polarizer structure 
P and analyzer structure A is constructed as a clockwise 
circular polarizer that emits clockwise circularly polarized 
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light, as viewed in the direction of travel of light, and the other 
is constructed as a counterclockwise circular polarizer that 
emits counterclockwise circularly polarized light, as viewed 
in the direction of travel of light. 

With this structure, circularly polarized light (e.g. clock 
wise circularly polarized light), which has passed through the 
polarizer structure P. passes through the variable retarder 
structure VR, which has substantially zero in-plane phase 
difference, while maintaining its polarization state. The cir 
cularly polarized light is then absorbed in the analyzer struc 
ture A that has the opposite polarity (e.g. counterclockwise 
circularly polarized light). Thus, theoretically, desired black 
display can be effected even when the liquid crystal display 
device is viewed in either direction, and high-contrast display 
is enabled. 

In order to realize the above function, it is necessary that 
the polarizer structure P and analyzer structure Abe nearly 
perfect circular polarizers with opposite polarities. In general, 
a circular polarizer is constructed by combining a polarizer 
plate that emits linearly polarized light, and a phase plate (/4 
wavelength plate) that imparts a /4 phase difference to the 
linearly polarized light. More precisely, a clockwise circular 
polarizer is configured such that the slow axis of the phase 
plate is displaced clockwise by 45° relative to the transmis 
sion axis of the polarizer plate, as viewed in the direction of 
travel of light. Similarly, a counterclockwise circular polar 
izer is configured such that the slow axis of the phase plate is 
displaced counterclockwise by 45° relative to the transmis 
sion axis of the polarizer plate, as viewed in the direction of 
travel of light. 

However, the 4 wavelength plate can impart a 4 phase 
difference only to linearly polarized light of a specific wave 
length. In other words, an ordinary phase plate (/4 wavelength 
plate) that forms a circular polarizer has a wavelength disper 
sion of phase difference (i.e. the phase difference varies 
depending on wavelength). Thus, even if a circular polarizer 
can function as a circular polarizer for light of a specific 
wavelength, it cannot emit circularly polarized light with 
respect to light of another wavelength (i.e. the circular polar 
izer emits elliptically polarized light). Thus, a perfect circular 
polarizer without wavelength dispersion (or with negligible 
wavelength dispersion) cannot be constituted by the ordinary 
combination of a single phase plate ("/4 wavelength plate) and 
a polarizer plate. Unless specific conditions are satisfied, 
desired black display cannot be realized by the polarizer 
structure P and analyzer A in the State in which an in-plane 
phase difference of the variable retarder structure VR is sub 
stantially Zero. 

In the present embodiment, a plurality of phase plates and 
a polarizer plate are combined. Thereby, each of the polarizer 
structure Pandanalyzer structure A is constructed as a perfect 
circular polarizer. Specifically, each of the polarizer structure 
P and analyzer structure A is constructed as a differential 
circular polarizer. More specifically, each of the polarizer 
structure P and analyzer structure A is constructed by com 
bining a polarizer plate that emits linearly polarized light, a 
phase plate (/2 wavelength plate) that imparts a /2 phase 
difference to linearly polarized light with a predetermined 
wavelength (e.g. 550 nm), and a phase plate (/4 wavelength 
plate) that imparts a /4 phase difference to linearly polarized 
light. The /2 wavelength plate and 4 wavelength plate are 
combined so that the difference between phase differences 
(retardation value (R)/incident wavelength (a)), which are 
imparted when light passes therethrough, may become an 
about W4. 

For example, the /2 wavelength plate and /4 wavelength 
plate have such wavelength dispersion characteristics that 
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12 
retardation values R and R may decrease as the wave 
length (W) of incident light becomes greater. With respect to 
the wavelength dispersion characteristics, the combination of 
the wavelength plates and polarizer plate is optimized as 
follows. When the phase differences (retardation value/inci 
dent light wavelength) for the same wave-length are com 
pared, the phase difference (retardation values (R)/incident 
light wavelength (W)) of the /2 wavelength plate is always 
greater than the phase difference (retardation values (R)/ 
incident light wavelength (W)) of the 4 wavelength plate, and 
the difference (R-R)/2) between the phase differences 
of the /2 wavelength plate and 4 wavelength plate for the 
same wavelength is set at about W/4, regardless of the incident 
light wavelength (W). 

Each of the polarizer structure P and analyzer structure A, 
which is formed by optimally combining the two phase plates 
(/2 wavelength plate and 4 wavelength plate) and polarizer 
plate, as described above, functions as a perfect circular 
polarizer that emits circularly polarized light by imparting a 
JL/2 phase difference to linearly polarized light from the polar 
izer plate, regardless of the incident light wavelength (W). 
The conditions for optimization of the polarizer plate and 

two phase plates (/2 wavelength plate and "/4 wavelength 
plate) are as follows. The first phase plate R1 and third phase 
plate R3 have the same characteristics of the wavelength 
dispersion of phase difference, and the second phase plate R2 
and fourth phase plate R4 have the same characteristics of the 
wavelength dispersion of phase difference. In addition, as 
shown in FIG. 3 and FIG. 4, an X axis and a Y axis, which 
intersect at rightangles, are defined in the major Surface of the 
substrate of the liquid crystal display device. 
As is shown in FIG. 3, when the X axis is set to be a 

reference axis, an angle 0p1 is formed between the transmis 
sion axis of the first polarizer plate PL1 and the reference axis. 
An angle 01 is formed between the slow axis of the first phase 
plate R1 and the reference axis, and an angle 03 is formed 
between the slow axis of the third phase plate R3 and the 
reference axis. In this case, the first polarizer plate PL1, first 
phase plate R1 and third phase plate R3 are arranged so as to 
establish the following relationship between 0p1, 01 and 03, 

Thereby, the polarizer structure P is optimized and functions 
as a perfect circular polarizer (e.g. clockwise circular polar 
izer). 

Similarly, as is shown in FIG.4, when the X axis is set to be 
a reference axis, an angle Op2 is formed between the trans 
mission axis of the second polarizer plate PL2 and the refer 
ence axis. An angle 02 is formed between the slow axis of the 
second phase plate R2 and the reference axis, and an angle 04 
is formed between the slow axis of the fourth phase plate R4 
and the reference axis. In this case, the second polarizer plate 
PL2, second phase plate R2 and fourth phase plate R4 are 
arranged so as to establish the following relationship between 
6p2, 02 and 04, 

Thereby, the analyzer structure A is optimized and functions 
as a perfect circular polarizer (e.g. counterclockwise circular 
polarizer). 
The polarizer structure P and analyzer structure A are con 

structed as perfect circular polarizers, as described above. 
Thereby, desired black display can be realized in the state in 
which an in-plane phase difference of the variable retarder 
structure VR is substantially zero, regardless of the crossed 
axes angle of the slow axes of the phase plates of the polarizer 
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structure Pandanalyzer structure A, or the crossed-axes angle 
of the transmission axes of the polarizer plates of the polarizer 
structure P and analyzer structure A. In other words, as 
regards the polarizer structure P and analyzer structure A that 
are optimized as perfect circular polarizers, the optical axis 
may be set in any direction in their planes. 
A specific embodiment of the present invention will now be 

described. 

EMBODIMENT 1 

In Embodiment 1, uniaxial 4 wavelength plates (in-plane 
phase difference=140 nm) that are formed of ZEONOR resin 
(manufactured by Nitto Denko Corp.) are used as the first 
phase plate R1 and second phase plate R2. In addition, 
uniaxial /2 wavelength plates (in-plane phase difference=270 
nm) that are formed of ZEONOR resin (manufactured by 
Nitto Denko Corp.) are used as the third phase plate R3 and 
fourth phase plate R4. Polarizer plates SEG1224DU (manu 
factured by Nitto Denko Corp.) are used as the first polarizer 
plate PL1 and second polarizer plate PL2. In Embodiment 1, 
C-plates CP1 and CP2 are disposed between the liquid crystal 
cell C and the polarizer structure P and between the liquid 
crystal cell C and the analyzer structure A. TAC films (nor 
mal-directional phase difference=-60 nm), which are manu 
factured by Fuji Photo Film Co., Ltd., are used as the C-plates 
CP1 and CP2. 
The crossed-axes angle of the transmission axes of the first 

polarizer plate PL1 and second polarizer plate PL2 is 60°. For 
example, the transmission axis of the second polarizer plate 
PL2 is set at the reference axis. In the example shown in FIG. 
3, it is assumed that the crossed-axes angle between the trans 
mission axis of the first polarizer plate PL1 and the X axis 
(reference axis) is 60° (0p1=60). In the example shown in 
FIG. 4, it is assumed that the transmission axis of the second 
polarizer plate PL2 coincides with the X axis (reference axis) 
(0p.2=0). 
The third phase plate R3, which is disposed on the liquid 

crystal cell C side of the first polarizer plate PL1, is disposed 
Such that the slow axis thereof crosses the transmission axis of 
the first polarizer plate PL1 at an angle 01 (=03-0p1). In this 
case, 0.1=75°, and 03=135°. Similarly, the fourth phase plate 
R4, which is disposed on the liquid crystal cell C side of the 
second polarizer plate PL2, is disposed such that the slow axis 
thereof crosses the transmission axis of the second polarizer 
plate PL2 at an angle 02 (=04-0p2). In this case, 01 (=04) 
=150. 
The first phase plate R1, which is disposed on the liquid 

crystal cell C side of the third phase plate R3, is disposed such 
that the slow axis thereof crosses the slow axis of the third 
phase plate R3 at an angle (01+L/4). That is, the angle 
between the slow axis of the first phase plate R1 and the 
transmission axis of the first polarizer plate PL1 is (2:01+TL/4) 
(=01-0p1). In this case, (2-01--L/4)=195°, and 01=75° 
(-255). Similarly, the second phase plate R2, which is dis 
posed on the liquid crystal cell C side of the fourth phase plate 
R4, is disposed such that the slow axis thereof crosses the 
slow axis of the fourth phase plate R4 at an angle (02+TI/4). 
That is, the angle between the slow axis of the second phase 
plate R2 and the transmission axis of the second polarizer 
plate PL2 is (2:02+L/4) (=02-0p2) In this case, (2:02+L/4) 
(=02)=75°. 
As has been described above, the slow axes in the planes of 

the two phase plates functioning as "/4 wavelength plates, i.e. 
the first phase plate R1 and second phase plate R2, are parallel 
(01–02), and the crossed-axes angle thereof with the X axis is 
75°. The crossed-axes angle, 101-03, of the slow axes in the 
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planes of the first phase plate R1 and third phase plate R3 of 
the polarizer structure P is 60°. The crossed-axes angle, 102 
04, of the slow axes in the planes of the second phase plate R2 
and fourth phase plate R4 of the analyzer structure A is 60°. 
The liquid crystal cell C includes the protrusion 12 or slit 

11 for multi-domain control. The protrusion 12 or slit 11 
extends in parallel to the Y axis in the X-Y coordinates shown 
in FIG. 3 and FIG. 4, i.e. in the direction of 90° or 270°. 
Thereby, the orientation of liquid crystal molecules is set at 0° 
or 180°. 

In the liquid crystal display device with this structure, a 
voltage of 4.2V (at white display time) and a voltage of 1.0V 
(at black display time; this voltage is lower than a threshold 
Voltage of liquid crystal material, and with this voltage the 
liquid crystal molecules remain in the vertical alignment) 
were applied to the liquid crystal layer 7, and the viewing 
angle characteristics of the contrast ratio were evaluated. 

FIG. 5 shows the measurement result of isocontrast curves 
of the liquid crystal display device according to Embodiment 
1. It was confirmed that in almost all azimuth directions, the 
viewing angle with a contrast ratio of 10:1 was +80° or more, 
and excellent viewing angle characteristics were obtained. In 
addition, the transmittance at 4.2V was measured, and it was 
confirmed that a very high transmittance of 5.0% was 
obtained. 

Next, the crossed-axes angles of the slow axes in the planes 
of the first to fourth phase plates are studied. The crossed-axes 
angles of the slow axes in the planes of the first to fourth phase 
plates are so set that the characteristic values corresponding to 
the viewing-angle characteristics of contrast may become a 
predetermined reference value or more. As is shown in FIG.3 
and FIG. 4, assume now that the crossed-axes angle between 
the transmission axis of the first polarizer plate PL1 and the 
slow axis of the third phase plate R3, which constitute the 
polarizer structure P, is 01 (=103-0p1), the crossed-axes 
angle between the transmission axis of the second polarizer 
plate PL2 and the slow axis of the fourth phase plate R4, 
which constitute the analyzer structure A, is 02 (=104-0p2), 
and the crossed-axes angle between the slow axes of the first 
phase plate R1 and second phase plate R2 is 03 (=101-02). 
As has been described above, the crossed-axes angle (0.1- 

03) between the slow axes of the first phase plate R1 and third 
phase plate R3 meets the condition of (0.1+3 L/4) for optimiz 
ing the combination of these phase plates. In addition, the 
crossed-axes angle (02-04) between the slow axes of the 
second phase plate R2 and fourth phase plate R4 meets the 
condition of (02+L/4) for optimizing the combination of 
these phase plates. 
The effect of the improvement in the viewing-angle char 

acteristics, which is the task of the invention, can be evaluated 
on the basis of the characteristic value corresponding to the 
contrast/viewing-angle characteristics. Specifically, 01 02 
and 03 are set so that the characteristic value corresponding 
to the contrast/viewing-angle characteristics may become a 
reference value or more. 

In this example, a contrast area value is adopted as the 
characteristic value corresponding to the contrast/viewing 
angle characteristics. The contrast area value represents an 
area (deg) of a field of view with a predetermined contrast 
ratio or more, on the basis of the measurement result of 
isocontrast curves as shown in FIG. 5. In this case, the area of 
the field of view with a contrast ratio of 10:1 (CR=10:1) or 
more is adopted. 

FIGS. 6A to 6C show measurement results of the contrast 
area values relating to crossed-axes angles 01 (), 02 () and 
03 (). In the measurement, the respective liquid crystal 
display devices have the same basic structure, the polarizer 
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structure is optimized so as to meet the relation-ship, 
01=0p1+2 (03-0p1)+TL/4, and the analyzer structure is opti 
mized so as to meet the relationship, 02=0p2+2 (04-0p2)+TL/ 
4. 

As is clear from the measurement results in FIGS. 6A to 
6C, a highest contrast area value (about 18300) was obtained 
when 01=75°, 02=15° and 03=0°. Various measurements 
were conducted and it was confirmed that a contrast area 
value of a reference value (17000) or more was obtained by 
setting the crossed-axes angle 01 in a range of 75°+5°, the 
crossed-axes angle 02 in a range of 15°+5°, and the crossed 
axes angle 03 in a rage between 0° and 5°. 
The reason for this appears to be as follows. When 01=75° 

and 02=15°, the crossed-axes angle, 101-03, of the slow 
axes in the planes of the first phase plate R1 and third phase 
plate R3 is 60°, the crossed-axes angle, 102-04, of the slow 
axes in the planes of the second phase plate R2 and fourth 
phase plate R4 is 60°, and the crossed-axes angle, 103-04, of 
the slow axes in the planes of the third phase plate R3 and 
fourth phase plate R4 is 60°. In addition, when 03-0°, the 
slow axes in the planes of the first phase plate R1 and second 
phase plate R2 are parallel. 
The fact that the slow axes of the first phase plate R1 and 

second phase plate R2, which function as /4 wavelength 
plates, are parallel means that these phase plates, if integrated, 
functions as a single /2 wavelength plate. Thus, it is consid 
ered that in the present liquid crystal display device, the 
polarizer structure P and analyzer structure A include three 
phase plates (R1+R2), R3 and R4, each functioning as a /2 
wavelength plate. 

The crossed-axes angles between the slow axes in the 
planes of these three /2 wavelength plates are all 60°, as 
shown in FIG. 6D. In short, the slow axes of the phase plates 
are distributed in a rotation-symmetry fashion in the planes. It 
is thus considered that the effects of the slow axes of the phase 
plates were dispersed (orin-plane anisotropies were mutually 
canceled), and a high contrast ratio was obtained in almost all 
directions. 

As has been described above, the present invention pro 
vides a novel structure of a liquid crystal display device. This 
structure aims at preventing a decrease in transmittance, 
which occurs when liquid crystals are Schlieren-oriented or 
orientated in an unintentional direction in a display mode, 
Such as a vertical alignment mode or a multi-domain vertical 
alignment mode, in which the phase of incident light is modu 
lated by about /2 wavelength in the liquid crystal layer. This 
invention can solve such problems that the viewing angle 
characteristic range is narrow and the manufacturing cost of 
components that are used is high, in the circular-polarization 
based display mode in which circularly polarized light is 
incident on the liquid crystal layer, in particular, in the circu 
lar-polarization-based MVA display mode. 

According to the novel structure, like the conventional 
circular-polarization-based MVA mode, high transmittance 
characteristics can be obtained and excellent contrast/view 
ing angle characteristics are realized. Moreover, the manu 
facturing cost is lower than in the circular-polarization-based 
MVA mode using the conventional viewing angle compensa 
tion structure. 

The present invention is not limited to the above-described 
embodiments. At the stage of practicing the invention, Vari 
ous modifications and alterations may be made without 
departing from the spirit of the invention. Structural elements 
disclosed in the embodiments may properly be combined, and 
various inventions can be made. For example, Some structural 
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elements may be omitted from the embodiments. Moreover, 
structural elements in different embodiments may properly 
be combined. 
The polarizer structure P and analyzer structure A are con 

structed as perfect circular polarizers so that black display can 
be realized in the state in which an in-plane phase difference 
of the variable retarder structure VR is substantially zero. 
Alternatively, the polarizer structure P and analyzer structure 
A may be constructed as elliptical polarizers that convert 
linearly polarized light, which emerges from the respective 
polarizer plates, to elliptically polarized light and emit the 
elliptically polarized light. In this case, one of the polarizer 
structure P and analyzer structure A is a clockwise elliptical 
polarizer, and the other is a counterclockwise elliptical polar 
izer. If the optical axes of the elliptical polarizers are set such 
that the major axes of the elliptically polarized lights emitted 
from these elliptical polarizers may interest at right angles, 
the same advantageous effect as with the above-described 
embodiment can be obtained. 
The state in which the in-plane phase difference of the 

variable retarder structure VR is substantially Zero corre 
sponds to a state in which liquid crystal molecules in the 
liquid crystal layer 7 are aligned substantially vertical to the 
substrate. Even in the case where the liquid crystal layer has 
an in-plane phase difference, the state in which the in-plane 
phase difference is substantially zero can be realized by dis 
posing a phase plate that compensates the in-plane phase 
difference. Specifically, when liquid crystal molecules are 
aligned at an angle less than 90° to the Substrate, an in-plane 
phase difference occurs between the in-plane orientation 
direction of the inclined liquid crystal molecules and a direc 
tion perpendicular to this in-plane orientation direction. If a 
phase plate, which has an in-plane slow axis in a direction 
substantially perpendicular to the slow axis in the plane of this 
liquid crystal layer, is provided, a state in which the sum of 
in-plane phase differences of the phase plate and liquid crys 
tallayer is substantially Zero can be realized. Even in the case 
of the variable retarder structure, wherein the state in which 
the in-plane phase difference is substantially Zero is realized 
by combining the phase plate and liquid crystal layer, the 
optimized polarizer structure P and analyzer structure A may 
be combined and the same advantageous effect as with the 
above-described embodiment can be obtained. 

What is claimed is: 
1. A liquid crystal display device comprising: 
a first polarizer plate that is disposed on one side of a liquid 

crystal cell in which a liquid crystal layer is sandwiched 
between two electrode-equipped substrates; 

a second polarizer plate that is disposed on the other side of 
the liquid crystal cell; 

a first phase plate that is disposed between the first polar 
izer plate and the liquid crystal cell; 

a second phase plate that is disposed between the second 
polarizer plate and the liquid crystal cell; 

a third phase plate that is disposed between the first polar 
izer plate and the first phase plate; and 

a fourth phase plate that is disposed between the second 
polarizer plate and the second phase plate, 

wherein 
the first phase plate and the third phase plate cooperate to 

impart a phase difference of a /4 wavelength to linearly 
polarized light that emerges from the first polarizer 
plate, and the second phase plate and the fourth phase 
plate cooperate to impart a phase difference of a /4 
wavelength to linearly polarized light that emerges from 
the second polarizer plate, 
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slow axes in planes of the first phase plate and the second 
phase plate are Substantially parallel, 

a slow axis of the first phase plate and the second phase 
plate, a slow axis of the third phase plate and a slow axis 
of the fourth phase plate are disposed in Such directions 
as to cancel in-plane anisotropies 

a crossed-axes angle between slow axes in planes of the 
first phase plate and the third phase plate is 60°. 

a crossed-axes angle between slow axes in planes of the 
second phase plate and the fourth phase plate is 60°, and 

a crossed-axes angle between slow axes in planes of the 
third phase plate and fourth phase plate is 60°. 

2. The liquid crystal display device according to claim 1, 
further comprising: 

a variable retarder structure that includes the liquid crystal 
cell; 

a polarizer structure that includes the first polarizer plate, 
the first phase plate and the third phase plate; and 

an analyzer structure that includes the second polarizer 
plate, the second phase plate and the fourth phase plate, 

wherein the polarizer structure and the analyzer structure 
are configured Such that black display is effected in a 
state in which an in-plane phase difference of the vari 
able retarder structure is substantially zero. 

3. The liquid crystal display device according to claim 2, 
wherein the liquid crystal display device is a vertical-electric 
field type electrically controlled birefringence mode liquid 
crystal display device that is provided with means for apply 
ing a Voltage between the two electrode-equipped substrates. 

4. The liquid crystal display device according to claim 3, 
wherein the liquid crystal layer is formed of a nematic liquid 
crystal composition, and liquid crystal molecules in the liquid 
crystal layer are aligned substantially vertical to a major 
Surface of the Substrate in a state in which no voltage is 
applied to the liquid crystal layer. 

5. The liquid crystal display device according to claim 3, 
wherein the liquid crystal display device has a multi-domain 
structure in which liquid crystal molecules within a pixel are 
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oriented at least in two directions, regardless of a state in 
which a predetermined Voltage is applied or irrespective of an 
applied Voltage. 

6. The liquid crystal display device according to claim 5. 
wherein a protrusion for multi-domain control is provided 
within the pixel. 

7. The liquid crystal display device according to claim 5, 
wherein a slit for multi-domain control is provided in the 
electrode. 

8. The liquid crystal display device according to claim 5, 
wherein orientation films, which are subjected to an orienta 
tion process for multi-domain control, are provided on those 
surface of the two substrates, which sandwich the liquid crys 
tal layer. 

9. The liquid crystal display device according to claim 1, 
wherein the first phase plate and the third phase plate have the 
same characteristics of wavelength dispersion of phase dif 
ference, and the second phase plate and the fourth phase plate 
have the same characteristics of wavelength dispersion of 
phase difference. 

10. The liquid crystal display device according to claim 9. 
wherein when an angle 0p1 is formed between a transmission 
axis of the first polarizer plate and a reference axis, an angle 
01 is formed between the slow axis of the first phase plate and 
the reference axis, and an angle 03 is formed between the slow 
axis of the third phase plate R3 and the reference axis, a 
relationship, 

is established between 0p1, 01 and 03, and 
when an angle Op2 is formed between a transmission axis 

of the second polarizer plate and the reference axis, an 
angle 02 is formed between the slow axis of the second 
phase plate and the reference axis, and an angle 04 is 
formed between the slow axis of the fourth phase plate 
and the reference axis, a relationship, 
02=0p2+2-(04–0p2)+TI/4, Ose2s.J. 

is established between 0p2, 02 and 04. 
k k k k k 


